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INTRODUCTION. 

A  specification  is  required  to  govern  the  quality  of  ma- 
terial for  steel  shipping  containers,  or  pipes,  for  the  transpor- 
tation of  60°  Baume1  commercial  sulphuric  acid. 

This  problem  is  one  of  a  series  submitted  by  the  Engineers 
Society  of  Western  Pennsylvania  in  a  competition  open  to  students 
in  engineering  schools.     The  object  of  this  society  in  sending  out 
these  problems  is  to  promote  engineering  education  by  cooperating 
with  technical  institutions  in  developing  in  students  qualities 
essential  to  successful  engineering  practice. 

Sixty  degree  Baume'  acid  is  specified  in  the  above  require- 
ments since  acid  of  this  strength  is  manufactured  and  transported 
in  very  large  quantities.     In  fact  most  of  the  acid  manufactured 
is  made  by  the  lead  chamber  process  which  gives  60    Baume'  acid. 
The  acid  made  by  the  contact  process  (fuming  acid)  being  very  con- 
centrated is  not  so  highly  ionized  as  the  lead  chamber  process 
acid  and  hence  does  not  have  the  corrosive  action  that  is  noticable 
in  the  more  dilute  chamber  acid. 

The  theory  of  electrolytic  dissociation  offers  a  very 
satisfactory  explanation  of  the  relative  reactivity  of  concentrated 
and  dilute  acid  on  the  metal  container,     hydrogen  ion  is  the  active 
agent  in  corrosion,  the  reactivity,  for  any  one  metal  depending 
upon  the  concentration  of  this  alone.     Degree  of  ionization  is  a 
direct  function  of  dilution.     The  more  dilute  acid  contains  a 
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greater  proportion  of  Hydrogen  ion,  and  is  hence  proportionally 
more  reactive.     Suppose  a  metal  sulphate  M  S04  to  be  formed  by  the 
action  of  the  acid  on  the  container.     It  is  evident  that  the  for- 
mation of  this  will  proceed  until  its  solubility  product  Kc  = 

(S04^  ^s  reaChed#     This  will  be  reached  much  sooner  in  the  case 
(1  S04) 

of  the  concentrated  solution,  and  the  reaction  leading  to  its  for- 
mation will  be  concluded  much  sooner  in  this  case.     Hence  the  lower 
reactivity  of  the  concentrated  acid.     We  may  therefore  sum  up  the 
mutually  dependent  factors  which  promote  the  greater  reactivity  of 
the  dilute  acid  as  follows: 

1.  Greater  proportional  concentration  of  H+,  and  the 
greater  mobility  of  this  ion  due  to  less  total  concentration. 

2.  Because  of  the  common  ion  effect,  the  solubility  of 

M  S04  will  be  decreased  in  a  solution  of  sulphuric  acid.     This  de- 
crease will  be  more  marked  the  greater  the  total  concentration  of 
sulphuric  acid. 

Since  the  beginning  of  the  European  war  the  demand  for 
sulphuric  acid  has  constantly  increased.     As  the  lead  chamber  pro- 
cess is  the  only  one  to  be  considered  now  because  of  the  prohibi- 
tive cost  of  platinum,  a  number  of  lead  chamber  plants  have  been 
built  throughout  the  country.     Along  with  the  increased  manufacture 
of  sulphuric  acid  came  the  problem  of  shipping  large  quantities 
long  distances.     Many  of  the  new  acid  plants  were  situated  near 
large  smelters  a  great  distance  from  the  sulphuric  acid  market. 

The  problem  of  transporting  sulphuric  acid  has  been  almost 
entirely  sat isf actorly  solved  by  the  older  sulphuric  acid  manufac- 
turers but  with  the  new  companies  in  the  field  many  smaller  diffi- 
culties arose. 
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TREATMENT  OF  THE  FliUdLEM . 

In  treatment  of  this  problem  the  theories  of  corrosion  are 
reviewed,  passivity  discussed,  and  different  steels  and  non-corrod- 
ible  irons  investigated  as  the  their  properties  and  adaptibility 
for  sulphuric  acid  tank  car  construction. 

Corros  ion. 

The  theories  of  corrosion  are  varied  and  numerous.  There 
was  the  §imple  Oxide  Theory  according  to  which  the  process  of  rust- 
ing was  regarded  as  an  instance  simple  oxidation  such  as  is  obtain- 
ed when  iron  is  heated  in  dry  air  to  200°  C.   or  above.     This  was 
soon  disproved  however,  by  the  discovery  that  water  was  essential 
to  corrosion  in  addition  to  air  and  oxygen.     This  lead  to  the  Acid 
Theory  (Crace  Calvert,  Paper  read  before  the  Manchester  Literary 
and  Philosophical  Society  24th  of  January,  1671.     "Chemical  News" 
1871,  23,  98)  which  was  partly  substantiated  by  Calvert's  experi- 
ments and  for  a  long  time  was  accepted  as  correct.     According  to 
this  theory  the  acid,  usually  carbonic,  formed  Pe  COg  and  the 
Hydrogen  liberated  combined  with  the  dissolved  oxygen  giving  water. 
The  oxygen  of  the  air  then  converted  the  Fe  CO^  into  iron  hydroxide 
or  rust  liberating  COvj  which  again  attacked  some  of  the  fresh  parts 
of  the  iron.     Crum  Brown  ("J.   Iron  Steel  Inst."  1888,   II,  129) 
based  these  assertions  upon  the  fact  that  alkalies  inhibited  the 
corrosion  of  iron  presumably  by  neutralizing  any  traces  of  free 
acid.     This  theory  is  not  entirely  correct,  however,  as  it  was 
found  that  faintly  alkaline  solutions  of  the  mineral  salts  of  the 
alkali  metals,  such  as  sodium  and  potassium  nitrate  *  lead  to  the 
formation  of  rust.     In  1903  Tftiitney  ("J.  Amer.   Chem  Soc."  1903,  25, 


394)  suggested  the  Electrolytic  Theory  in  which  the  presence  of  an 
acid  is  not  considered  necessary  to  effect  rusting.     7/hitney  re- 
garded the  problem  as  an  electrochemical  one,  the  rate  of  corrosion 
being  a  function  of  the  electromotive  force  and  resistance  of  the 
circuit.     In  this  theory  the  presence  of  acid  is  not  necessary  as 
water  is  considered  an  electrolyte  Hg  0  =  HgO  +  H++  OH'  and  the 
reaction  is  considered  to  proceed  as  follows: 
Fe  +  2H*  +  20H*  =  Fe*+  +  20H  '  +  H2 

Fe  +  2H20  =  Fe  (0H)2  +  H2      Alkali,  according  to  this  theory,  in- 
hibits corrosion  due  to  the  effect  of  the  common  ion  (OK1).  Since 
alkali  introduces  an  excess  of  OH'  ions  the  electrolytic  dissocia- 
tion of  water  is  lessened,  and  H+  ions  present  unite  with  OH1  from 
the  alkali,  preventing  corrosive  action.     This  theory  is  the  one 
which  is  most  generally  accepted  today.     Another  theory,  advanced  by 
Dunstan,   Jowett,  and  Goulding  (Trans.  Chem.  Soc.   1905,  87,  1548) 
was  the  Hydrogen  Peroxide  Tfaeory,     They  agreed  with  Whitney  that 
acid  was  not  necessary  to  corrosion  and  that  only  pure  oxygen  and 
water  were  needed.     According  to  this  theory  hydrogen  peroxide  is 
formed  as  an  intermediate  product  during  the  formation  of  rust  in 
the  following  way:  Fe  +  0H2  =  FeO  +  2H.     2H  +  Og  =  2Hg02 
FeO  +  H202  =  Fe202  (OH).     The  end  product  of  this  series  of  reac- 
tions they  call  rust.     As  only  one  molecule  of  FeO  forms  for  two  of 
HgOg  there  is  an  excess  of  the  peroxide  which  attacks  the  fresh 
uncorroded  iron  and  the  action  proceeds  as  follows: 
Fe  +  H202=  FeO  +  H20      2FeO  +  H202=  Fe202(0H)2       In  this  case  the 
inhibit ive  action  of  alkalies  and  chromic  acid  is  explained  by 
their  property  of  decomposing  hydrogen  peroxide.     A  number  of 
metals  were  tested  by  Dunstan  --  Copper,  Mercury,  Silver,  Lead, 


Bismuth,  Tin,  Zinc  and  Iron.     All  of  these  excepting  iron  gave  a 
test  for  hydrogen  peroxide  on  standing  in  solution.     Dunstan  ex- 
plained this  by  saying  the  absence     of  HgOg  in  the  test  did  not 
exclude  its  momentary  formation.     There  are  a  number  of  facts 
which  do  not  agree  with  this  theory.     It  was  shown  by  Moody  ("Proc. 
Chem.   Soc."  1903,  19,  240;   "Trans.   Chem.   Soc. "1906,  89,  729.),  that 
neutral  HgOg  had  no  visible  effect  on  iron  although  iron  decomposed 
it,  presumably  by  catalytic  action.     Moody  also  showed  that  if 
instead  of  caustic  soda  and  chromic  acid,  KI  which  immediately 
destroys  Hydrogen  Peroxide,  were  used,  rusting  is  not  inhibited  at 
all.     This  fact  is  almost  proof  of  the  fallacy  of  the  Hydrogen 
Peroxide  Theory. 

In  a  consideration  of  all  these  theories  the  Electrolytic 
Theory  as  brought  forth  by  Tfriitney  seems  to  be  the  most  acceptable 
and  it  is  generally  considered  the  true  explanation  of  corrosion. 

Passivity. 

The  passive  state  of  iron  and  steel  is  a  much  debated 
question.    When  a  piece  of  steel  or  iron  is  placed  in  nitric  or 
chromic  acid  it  undergoes  a  change  which  renders     it  immune  from 
further  action.     What  causes  this  passive  state  is  not  known 
definitely.     There  is  the  Oxide  theory  which  was  advanced  by 
Schflnbein  in  1836,  according  to  which  a  protective  film  of  oxide 
covers  the  surface  of  the  metal  and  in  this  way  makes  it  inert  or 
passive.     This  theory  is  constantly  gaining  supporters.     Then  there 
is  the  gaseous  -film  theory  which  holds  that  passivity  is  due  to  a 
film  of  adsorbed  gas  on  the  surface  of  the  metal,  which  protects 
it  from  the  attack  of  the  acid.     This  gas  may  be  oxygen  or  nitric 
oxide  according  to  whether  sulphuric  or  nitric  acid  is  used.  Often 
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different  pieces  of  the  same  steel  giving  exactly  the  same  chemical 
analysis  but  subjected  to  a  different  heat  treatment  do  not  all 
allow  the  same  degree  of  passivity.     This  shows  that  control  of  the 
physical  properties  such  as  temperature  of  reduction  and  rate  of 
cooling  have  a  very  important  effect  on  the  passivity  of  steel. 
This  is  known  as  the  Physical  Theory  of  passivity.  ("Transactions 
of  the  Faraday  Society"  Vol.   IX.   Parts  1  and  2  July,  1913.) 

It  has  been  shown  by  experiment  that  the  different  con- 
stituents in  steel  aid  or  retard  corrosion  to  a  variable  extent. 
Thus  carbon  according  to  the  form  in  which  it  exists  in  the  steel 
aids  corrosion  in  a  greater  or  less  degree.     Carbon  may  exist  in 
various  forms  in  steel  but  is  practically  always  combined.     It  is 
known  however,  that  larger  percentages  of  carbon  decrease  the 
resistance  to  corrosive  action.     Sulphur  is  usually  regarded  as  a 
stimulator  of  corrosion.     Copper  and  manganese  are  generally 
associated  in  the  metal  with  sulphur,  and  while  the  free  metals 
might  not  have  an  undesirable  effect  the  combination  is  considered 
detrimental.     Alloys  of  chromium  with  iron  are  less  subject  to 
corrosion  than  iron  itself.     Nickel  steel  of  about  ten  percent 
nickel  content  is  almost  non-corrodible .     Silicon  in  iron  tends  to 
retard  corrosion  and  it  was  shown  by  Jouve  C'J.   Iron  Steel  Inst." 
1908,  III,  310)  that  iron  containing  twenty  percent  silicon  is  not 
attacked  by  acid.     These  properties  of  Silicon  Chromium  and  Nickel, 
which  prevent  corrosion  have  been  made  use  of  in  a  number  of  patent 
irons  and  alloys.     Examples  are  Duriron  which  is  a  high  Silicon 
iron  and  Illium  which  is  chiefly  a  nickel,  copper  and  chromium 
alloy. 
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THE  TRANSPORTATION  OF  SULPHURIC  ACID. 

In  the  shipping  of  sulphuric  acid,  steel  tank  cars  have 
been  successfully  used  for  almost  half  a  century.     The  tanks  used 
are  of  the  ordinary  cylindrical  type  mounted  nor izont illy  on  flat 
cars  with  a  valve  in  the  bottom  to  let  the  acid  out  and  a  small 
dome  on  top  for  filling  the  car.     This  should  be  large  enough  for 
a  man  hole  for  repair  purposes. 

The  chief  difficulty  which  arises  in  the  use  of  tank  cars 
is  leakage  due  to  the  corrosive  action  of  the  acid.     The  leaks  are 
prevalent  along  the  bottom  of  the  car  and  around  the  dome  where 
it  is  attached  to  the  tank.     The  leakage  in  the  bottom  of  the  tank 
is  explained  as  follows:        TThen  a  tank  is  emptied  a  small  amount 
of  acid  is  always  left  in  the  bottom.     This  acid  becomes  diluted 
by  the  moisture  in  the  air  above  it  and  as  dilute  sulphuric  acid 
has  not  the  oxidizing  action  of  the  concentrated  sulphuric  acid 
and  is  more  highly  ionized,  corrosion  begins  and  small  holes  are 
gradually  eaten  through  the  bottom  of  the  tank.     The  leakage  around 
the  dome  may  be  due  to  two  causes;  first  corrosion  due  to  the  acid 
around  the  dome  becoming  diluted  by  the  leakage  of  damp  air  through 
the  valve  seats  and  around  the  man  hole;  second  the  leaks  may  be 
due  to  erosive  action  by  the  acid  as  it  is  washed  back  and  forth 
and  splashes  up  into  the  dome.     This  latter  explanation  is  the 
belief  of  many  tank  car  operaters  as  all  valves  and  openings  are 
sealed  practically  air  tight  before  the  car  leaves  the  yards  after 
filling.     This  belief  is  also  held  by  manufacturers  of  non- 
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corrodtble  irons  who  believe  a  greater  loss  is  due  to  erosion 
than  to  corrosion. 

Experience  has  shown  that  tank  cars  which  are  used  for 
sulphuric  acid     shipments  are  in  service  from  twelve  to  fifteen 
years  before  they  have  to  be  replaced.     The  leaks  in  the  bottom  of 
the  tank  have  to  be  repaired  occasionally  during  this  time  but 
they  are  never  serious.     Most  of  the  repair  work  however,  is  done 
upon  the  dome.     Here  the  man  hole  cover,  rivets,  and  valve  seats 
have  to  be  renewed  and  often  the  main  body  of  the  dome  replaced. 
Where  the  dome  is  attached  to  the  tank  there  is  a  great  deal  of 
erosion.     This  action  has  a  much  more  noticable  effect  here 
because  of  the  great  number  of  rivets. 

Plate  I  gives  the  recommended  form  of  tank  car  construction 
as  appears  in  the  Bureau  of  Explosives  Pamphlet  No.  9. 

Interstate  Commerce  Commission 
Regulations 
f  or  the 

Transportation  of  Explosives  and  other  Dangerous  Articles 

by  Freight  and  Express 
and 

Specifications  for  Shipping  Containers. 

July,  1914. 


PLATE  I. 


OOm  COVER  CHAJM 


oone  co\itR 
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SELECTION  OF  SAMPLES  FOR  TEST. 

In  selection  of  the  probable  materials,  samples  from  some 
of  the  largest  acid  tank  car  manufacturers  were  obtained,  as  many 
of  these  companies  had  manufactured  acid  tank  cars  which  have  been 
successfully  operated  for  a  number  of  years.     Samples  of  the 
advertised  non-corrodible  irons  were  also  obtained  such  as 
"Buf lokast , "  "Corrosiron, "  "Tantiron,"  and  "Armco  Iron." 

The  following  samples  were  obtained: 

1.  "Buf lokast"  --  Buffalo  Foundry  and  Machine  Company, 

Buffalo,  New  York. 

2.  "Corrosiron"  —  Pacific  Foundry  Company,  San  Francisco, 

California. 

3.  "Tantiron"  —  Bethlehem  Foundry  and  Machine  Company, 

South  Bethlehem,  Pennsylvania. 

4.  Pennsylvania  Tank  Car  Company,  Pennsylvania. 

5.  American  Car  and  Foundry  Company,  St.  Louis,  Missouri. 

6.  Reeves  Brothers,  Pennsylvania. 

7.  "Armco  Iron"        American  Rolling  Mills  Company, 

Middle town,  Ohio. 

8.  Chicago  Steel  Car  Company,  Harvey  Illinois. 
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METHOD  OF  TESTING. 

In  testing  these  samples  they  were  polished  very  highly, 
first  with  the  emery  wheel  and  then  with  the  different  grades  of 
Hubert  emery  paper  and  finally  with  tripoli  powder  and  rouge.  The 
polishing  with  the  emery  wheel  was  made  very  thorough  in  order  to 
insure  a  surface  that  would  yield  a  true  structure  free  from  slag  or 
impurities  introduced  in  casting.     The  surface  of  each  sample  was 
then  photographed  with  a  large  metallurgical  microscope  the  magni- 
fication being  115  diameters. 

These  pictures;  except  for  numbers  one,  two  and  three 
which  remained  the  same  throughout  the  etching  with  picric  acid  and 
treatment  with  sulphuric  acid;  did  not  show  any  representit ive 
structure  consequently  they  were  etched  for  fifteen  seconds  in  a 
picric  acid  solution  washed  in  alcohol  and  photographed  again  with 
the  same  machine  using  a  magnification  of  185  diameters. 

From  microscopic  examination  of  the  etched  steel  samples  it 
is  evident  in  the  micrographs  from  numbers  four  to  eight  inclusive, 
that  the  samples  are  all  of  a  quite  low  carbon  content.  Samples 
one,  two  and  three  had  the  same  structure  after  etching  as  before 
etching  which  shows  their  non-corrosive  properties. 


FIRST  SET. 
before  Etching 


Tant iron 
X  115 


Pennsylvania 
Tank  Car  Company 
X  115 


FIRST  SET. 
Before  Etching. 
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Armco  Iron. 
X  115 


Chicago  Steel 
Car  Company. 
X  115 


3EC0ND  SET. 

After  Etch ins  for  Fifteen  Seconds  in  Picric  Acid. 
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Buflokast  Corrosiron 
X  185  X  185 


Tant iron 
X  185 


Pennsylvania 
Tank  Car  Company. 
X  185 
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SECOND  SET. 

After  Etching  for  Fifteen  Seconds  in  Picric  Acid. 


Armco  Iron 
X  185 


Chicago  Steel 
Car  Company. 
X  185 
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CORROSION  TESTS . 

In  obtaining  the  loss  in  weight  of  the  samples  tested  they 
were  first  treated  for  two  weeks  in  60°  Baume  sulphuric  acid  to 
remove  all  the  impurities.     They  were  then  thoroughly  cleaned  in 
distilled  water  dried  at  110°  C.  and  weighed.     Then  they  were 
treated  with  60°  Baume  sulphuric  acid  for  126  hours  in  separate 
beakers  in  a  desiccator  and  their  loss  in  weight  recorded  after 
washing  with  distilled  water  and  drying  at  110°  Centigrade.  The 
percentage  loss  in  weight  varied  considerably  as  is  shown  in  the 
following  table. 

Percent  of  loss  in  weight  after  126  hours  in  60°  Baume  HPS04. 


1.  "Buf lokast"  0.0094$ 

2.  "Corrosiron"  0.0084$ 

3 .  "Tant  ir  on  "  0 . 4800$ 

4.  Pennsylvania  Tank  Gar  Company  0.2800$ 

5.  American  Car  and  Foundry  Company  0.2355$ 

6.  Reeves  Brothers  0.2281$ 

7.  "Armco  Iron"  0.1690$ 

8.  Chicago  Steel  Car  Company  0.2870$ 


In  the  second  set  of  micrographs  of  the  steels,  the  steel 
that  shows  the  lowest  carbon  content  is  the  one  least  corroded.  Of 
the  non-corrosive  irons  from  the  above  table  "Buf lokast"  and 
"Corrosiron"  showed  by  far  the  smallest  percentage  loss  In  weight. 
"Tantiron"  showed  the  largest  percent  loss  in  weight  which  was 
probably  due  to  a  flaw  in  the  piece  sampled.     Samples  four  and 
eight,  and  five  and  six  show  almost  the  same  percent  loss  in  weight 
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Of  course  the  conditions  under  which  the  samples  were  tested  v/ere 
not  the  same  as  they  would  be  in  a  tank  car.     In  the  tank  car 
there  is  considerable  movement  in  the  acid  which  is  always  bringing 
fresh  acid  to  the  surface  of  the  metals.     Another  very  important 
factor  which  is  present  in  the  tank  car  but  lacking  in  the  tests 
is  the  erosive  action  of  the  acid  upon  the  iron  due  to  the  constant 
washing  of  the  acid  against  the  iron.    Following  are  the  micro- 
photographs  of  the  specimens  after  the  126  hours  acid  test. 

From  the  third  set  of  pictures  it  is  seen  that  "Buf lokast," 
"Corrosiron, "  and  "Tantiron"  have  not  changed  much  from  their 
original  unetched  state  as  the  structures  are  practically  the  same. 
However,  all  the  remaining  micrographs  show  a  very  similar  struc- 
ture which  is  probably  due  to  the  formation  of  the  oxide  film. 


THIHD  SET. 

After  Treatment  for  One  Hundred  and  Twenty  Six  Hours  In 
60°  Baume  Sulphuric  Acid. 


Tant iron. 
X  115 


Pennsylvania 
Tank  Car  Corapai, 
X  115 


1 

I 
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ThIKD  SET. 

After  Treatment  for  One  Hundred  and  Twenty  Six  Hours  in 

o 

60     Baume  Sulohuric  Acid. 


6 


American  Car  and 
Foundry  Company, 
X  115 


Reeves  Bros. 
X  115 

8 


Armco  Iron. 
X  115 


Chicago  Steel 
Car  Company. 
X  115 
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SELECTION  OF  MATERIAL. 

In  the  selection  of  the  material  for  tank  cars  shipping 
60°  Baunie  sulphuric  acid  if  the  corrosive  properties  alone  were 
to  be  considered  the  non-corrosive  irons  would  undoubtedly  be  the 
best.     However,  the  non-corrosive  irons  have  not  the  proper 
physical  requirements  being  only  about  one -half  as  strong  as  cast 
iron  and  extremely  brittle.     These  properties  throw  the  non- 
corrosive  irons  out  of  consideration  for  use  in  railroad  tank  cars. 
The  material  used  should  be  a  strong  structural  steel  as  low  as 
possible  in  the  percentages  of  the  elements  which  stimulate  cor- 
rosion.    Taking  all  these  facts  into  consideration  the  following 
specification  is  proposed. 

Proposed  Specification  for  Steel  Used  in  Tank  Car  Containers. 

I.  Manufacture. 

The  steel  shall  be  made  by  the  open  hearth  process. 

II.  Chemical  Properties  and  Tests. 

The  steel  shall  conform  to  the  following  requirements  as 

to  chemical  composition. 

Phosphorus  not  over      0.05  percent. 

Sulphur  not  over      0.05  percent.. 

III.  Physical  Properties  and  Tests. 

The  material  shall  conform  to  the  following  requirements 

as  to  tensile  properties. 

Tensile  strength  lbs.  per  sq.   in.  55,000  to  60,000. 
Yield  point  min.  lbs.  per  sq.   in.  0.5  tensile 
strength. 

Elongation  in  8  inches  min.  percent  1,500,000 

tensile  strength. 
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IV.  Rivets  of  the  same  material  are  to  be  used. 

The  tensile  strength  can  be  lowered,   to  40,000  to  50,000 
lbs  per  sq.   in.   in  order  that  a  lower  carbon  content  may  be 
obtained  thus  preventing  the  more  rapid  corrosion  which  accompanies 
a  higher  carbon  content.     This  recommendation  is  made  as  the  acid 
tank  itself  does  not  have  to  take  much  of  the  railroad  or  trans- 
portation strain  if  the  frame  of  the  car  is  properly  constructed 
so  the  strains  will  not  rack  the  tank. 
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